Background. Wound infection is one of the most common hospital-acquired infections. Different bacteria cause infection, of which Staphylococcus aureus is one of the known bacteria in causing infection with increased drug-resistant isolates. Objective. To assess the prevalence and antimicrobial susceptibility pattern of methicillin and inducible clindamycin-resistant Staphylococcus aureus among patients with wound infections attending Arba Minch Hospital. Methods. A facility-based cross-sectional study was conducted from April to June 2017. A pretested questionnaire was used to collect demographic data and clinical characteristics. Wound swabs were cultured and identified by standard techniques. Antibiotic susceptibility tests were performed by the Kirby-Bauer disc diffusion method. Methicillin resistance was detected using the cefoxitin (30 μg) antibiotic disc while inducible clindamycin resistance was detected by the D-zone test. e data were analyzed using Statistical Package for Social Science, version 20. p value <0.05 was considered statistically significant. Results. A total of 161 patients were enrolled and a majority of them were female (90, 50.9%). Among the collected samples, 79 (49.7%) were positive for S. aureus; of this, methicillin resistance accounted for 65 (82.3%). Out of 22 (27.8%) erythromycin-resistant isolates, 19 (24.1%) showed inducible clindamycin resistance. Methicillin-resistant S. aureus showed higher resistance against tetracycline (72.3%) followed by cotrimoxazole (43.1%) and 100% sensitivity to vancomycin. e overall prevalence of inducible clindamycin resistance among methicillin-resistant isolates was 16 (24.6%). Conclusion. e increasing prevalence of methicillin-resistant S. aureus and the coresistance against other therapeutic options like clindamycin is becoming an obstacle in the treatment of infections which need attention from concerned bodies.
Introduction
Wound infection is one of the known hospital-acquired infections responsible for significant human mortality and morbidity worldwide [1] . Wound infection results in sepsis, disfiguring, amputation, limb loss, long hospital stays, and higher costs [2, 3] . Infections of wounds can be caused by different microorganisms, like Staphylococcus aureus (S. aureus), Pseudomonas aeruginosa (P. aeruginosa), Escherichia coli (E. coli), and Enterococcus [4, 5] . Staphylococcus aureus is a Gram-positive bacterium which is a major causative agent of different skin infections such as surgical site infections, burns, and wounds [6, 7] .
Methicillin-resistant S. aureus (MRSA) is a highly infectious strain of the ordinary S. aureus bacteria that is able to withstand the curative ability of commonly used antibiotics. Methicillin resistance of S. aureus is due to the acquisition of mecA gene that encodes for penicillin-binding protein 2a, which has low affinity to methicillin. Methicillinresistant S. aureus is a serious concern not only because of resistant to methicillin but also because of developing resistant to other commonly used antibiotics in the hospitals that limited therapeutic options to few expensive drugs like vancomycin [7] [8] [9] .
e increasing incidence of methicillin resistance among Staphylococci has led to renewed interest in the usage of macrolide-lincosamide-streptogramin B (MLSB) antibiotics to treat S. aureus infections, with clindamycin being the preferable agent due to its excellent pharmacokinetic properties [10, 11] . However, widespread use of MLSB antibiotics has led to an increase in the number of Staphylococcal strains acquiring resistance to MLSB antibiotics [12] [13] [14] .
Methicillin-resistant S. aureus is found worldwide with an estimated colonization rate ranging from 11 to 40% in specific populations with more than 50% of these estimated to develop the infection [8, 15, 16] . Methicillin-resistant S. aureus infection kills more Americans each year than HIV/ AIDS, Parkinson's disease, emphysema, and homicide combined in USA [15] . Despite the advances in modern medicine, wound infection still poses a risk of increased morbidity and mortality to patients. Even though many studies have analyzed the prevalence and antimicrobial susceptibility pattern of MRSA, there is still an increasing prevalence of MRSA [17] . erefore, this study was aimed to assess the prevalence and antimicrobial susceptibility pattern of methicillin and induced clindamycin-resistant S. aureus among patients with wound infection attending Arba Minch Hospital.
Materials and Methods

Study Design, Area, and Period.
A hospital-based crosssectional study was conducted at Arba Minch Hospital, from April to June 2017. Arba Minch Hospital in Arba Minch town, Gamo Gofa Zone, is situated 505 km south of Addis Ababa at an elevation of 1285 meters above sea level. e hospital gives service for more than 100 thousand people in Arba Minch and surrounding woredas.
Sample Size Determination and Sampling Technique.
e sample size was obtained using sample size determination formula for the estimation of the single population proportion. p value of 0.12 for MRSA was taken from the previous study [10] with 95% confidence interval (z � 1.96) and 5% marginal error (d � 0.05). e final sample size was 180 which includes 10% nonresponse rate. Systematic sampling technique was used to select patients with wound infection during the study period using K th interval. e first patient was selected by the lottery method from the first three patients, and the rest of the study participants were selected in every 3 patients.
Data Collection, Sample Collection, and Transportation.
A pretested structured questionnaire was used to collect sociodemographic data and clinical factors. Open wound swabs were aseptically obtained after the wound immediate surface exudates and contaminants were cleaned off with moistened sterile gauze and sterile normal saline solution. Dressed wounds were cleansed with sterile normal saline after removing the dressing. e specimen was collected on sterile cotton swab by rotating with sufficient pressure. e samples were transported to Medical Microbiology and Parasitology Laboratory of Arba Minch University within thirty minutes after collection using Amies transport media.
Inoculation and Identification.
e collected samples were immediately processed for bacteriological analysis. Swabs collected were streaked on Mannitol salt agar by using a swab containing the sample on one-sixth of the media and then spread throughout the media by sterile inoculation loop.
e plates were incubated at 37°C for 24-48 hours. Preliminary identification of bacteria was based on colony characteristics of the organisms like growth on Mannitol salt agar, gram reaction, and catalase and slide coagulase and test tube coagulase for slide coagulase-negative test results.
Detection of MRSA.
Methicillin-resistant S. aureus was identified phenotypically based on its resistance to oxacillin (1 μg) and cefoxitin (30 μg) (Oxoid, Basingstoke, UK) by the disc diffusion method performed on modified MullerHinton agar (Oxoid, Basingstoke, UK). Based on the CLSI, 2016 guideline, the zone of inhibition is interpreted and grouped into methicillin-sensitive and methicillinresistant S. aureus [18] . en, the inoculated plates were left at room temperature to dry for 3-5 minutes. Using a sterile forceps, the antibiotic discs were placed on the inoculated plates and then incubated at 37°C for 18-24 hours.
Detection of Inducible Clindamycin
e diameter of the zone of inhibition around the disc was measured to the nearest millimeter using a ruler, and the isolates were classified as sensitive and resistant using CLSI standard [18] .
Data Quality Control.
Data quality was ensured from data collection up to final laboratory identification by following the prepared standard operating procedure (SOP). Five percent of the questionnaire was pretested prior to data collection in Arba Minch Health Center and modified accordingly. Data collection process was monitored on daily basis, and incompletely filled questionnaires were discarded. e performance of the prepared media was checked by inoculating control strain S. aureus ATCC 29213, which was obtained from Ethiopian Public Health Institute (EPHI). Culture media were prepared according to the manufacturer's instruction, and the sterility was checked by incubating 5% of prepared media at 37°C overnight and observing bacterial growth. ose batches of the media that show the growth was discarded and reprepared. e performance of antibiotic discs was checked by using Enterococcus faccalis ATCC 29122 and cotrimoxazole disc, and it should measure the inhibition zone greater than 19 mm.
Data Analysis.
Data were collected, entered, cleaned, and analyzed using SPSS version 20 software according to the study objectives. e descriptive summaries were presented with text, tables, and figures. Binary logistic regression analysis was made to obtain odds ratio and confidence interval of statistical associated variables. All variables with p < 0.25 in the bivariate analysis were included in the final multivariate analysis. p value less than 0.05 was considered as statistically significant. Finally, the magnitude of association between different variables in relation to the outcome variable was measured by odds ratio with 95% confidence interval.
Results
Overall Sociodemographic and Clinical Characteristics of Study Participants.
A total of 161 patients were enrolled in this study with a nonresponse rate of 11.6%. e majority of the study participants were female (90, 55.9%). According to age category, patients in the age range of 15-30 years account the most (80, 49.7%).
e mean age of the study participants was 23.8 years (sd ± 11.24).
e majority of study participants were urban dwellers (96, 59.6%), whereas 105 (65.2%) were literate. Study participants who developed wound infection after surgery were 53 (32.9%), and more than 90% of the study participants had the history of previous antibiotic usage for the last one year ( (Tables 2 and 3 ). Tables 2 and 3 , different sociodemographic factors were assessed for possible association with MRSA infection among the study participants. e results of the study showed that 53.8% of male and 46.6% female participants were found to be infected with MRSA. e prevalence of infection with MRSA has an initial association with the sex of the respondents (p � 0.041, COR: 0.514, 95% CI (0.271-0.975)). However, the association was not significant after adjusting for confounders using multivariate logistic regression (p � 0.117). Study participants residing in urban area were found to have a high percentage (69.2%) of infection as compared to rural area. e association between residence and MRSA infection was statistically significant (p � 0.042, COR: 0.504, 95% CI (0.260-0.976)). However, after adjusting for possible confounders by multivariate logistic regression, the prevalence of infection was not found to be statistically significantly different among urban and rural residents (p � 0.172). Generally, there was no statistically significant association between the prevalence of MRSA and associated factors.
Prevalence of MRSA and Associated Factors. As shown in
Antimicrobial Susceptibility Pattern.
Identified isolates of S. aureus were tested against nine antibiotics as presented in Table 4 . Both methicillin-resistant and susceptible S. aureus showed 100% susceptibility to amikacin and vancomycin. Furthermore, methicillin-sensitive S. aureus showed an additional 100% susceptibility to clindamycin and gentamycin. On the other hand, all isolates showed greater resistance against tetracycline (56, 70.9%), cotrimoxazole (31, 39.2%), International Journal of Microbiologyand erythromycin (22, 27.8%). Specifically, MRSA strains showed the high resistance of tetracycline (72.3%), cotrimoxazole (43.1%), erythromycin (29.2%), and chloramphenicol (27.7%) and least resistance to clindamycin (3.1%).
Prevalence of Inducible Clindamycin
Resistance. From 79 S. aureus isolates tested for determination of inducible clindamycin resistance, 65 (82.3%) were MRSA and 14 (17.3%) isolates were MSSA (Table 3 ). Sensitivity to both erythromycin and clindamycin was significantly higher in MRSA compared to MSSA isolates. Resistance to methicillin, erythromycin, and clindamycin was observed in 65 (82.3%), 22 (27.8%), and 2 (2.53%) of the isolates, respectively. Inducible clindamycin resistance was determined in 19 (24.1%) isolates (D-test positive, Figure 1 ).
As shown in Table 5 , inducible MSL B phenotype predominated (24.6% MRSA; 21.4% MSSA) followed by cMLS B (3.1% MRSA; 0% MSSA) and MS phenotypes (1 MRSA; 0 MSSA).
Prevalence of Multidrug-Resistant
Isolates. In this study, multidrug-resistant (MDR) status of S. aureus was tested against 9 classes of antibiotics. Accordingly, the overall rate of MDR (three and greater than three classes of antibiotics) of S. aureus isolates was 27.8% and 29.2% for MRSA. In addition to this, 20% of MRSA isolates showed resistance to one antibiotic class and 16.9% were sensitive to all checked antibiotic classes (Figure 2 ).
Discussion
Methicillin-resistant S. aureus has long been recognized as an important pathogen in human disease and is the most common cause of nosocomial infections [19] .
e development of resistance against the therapeutic options for treatment of infection caused by MRSA is an emerging problem [1, 2, 7] . erefore, this study was aimed to assess the prevalence and antimicrobial susceptibility pattern of methicillin-resistant and inducible clindamycin-resistant S. aureus among patients with wound infection.
is study showed that the recovery rate of MRSA was greater in male (35, 53.84%) patients with surgery (20, 30.54%) followed by patients with an infection after skin abrasion (19, 29.23%). Other studies performed in Jordan [20] and Uganda [21] reported the same result as in the present study. is may be attributed to the fact that men are mainly involved in occupations that most likely lead to trauma formation compared to women.
Out of 65 MRSA isolates, 30 (46.23%) were recovered from patients in the age range of 15-30 years. is is in line with a study conducted in Bangalore, India [14] . Patients who were hospitalized for more than 1 week harbored more MRSA isolates and those who took antibiotics previously within the last one year were found to be high and isolation of MRSA was also high. is is in agreement with the research performed in Cameroon [22] and India [14] . However, there was no statistically significant association between the prevalence of MRSA and associated factors in this study. is may be due to the smaller sample size included in our study.
Regarding associated factors assessed in the present study, wound infection was not associated with associated factors like use of antibiotics and previous wound infection known to predispose to infection. is finding is in agreement with the previous study performed in Greece [23] and Ethiopia [24] . Similarly, sociodemographic factors (age, sex, and educational status) did not show statistically significant association with wound infection which is in line with the study performed in Hawassa [25] and DebreMarkos [24] .
In the present study, the overall prevalence of S. aureus was 79 (49.7%) which was in agreement with the study done in Hatay, Turkey [9] , Kumasi, Ghana [26] , and Yekatit 12 Hospital, Addis Ababa, Ethiopia [27] . Studies conducted in Nepal [28] and Kenya [29] show higher prevalence than the present study. Our result is higher when compared with International Journal of Microbiologyresearches performed in other parts of Ethiopia [24, 25] and Africa like Libya [30] , Cameroon [22] , and Tanzania [31] . ese differences might be due to study design, period, and socioeconomic status of the population studied.
In this study, out of 79 isolated S. aureus isolates, 65 (82.28%) were MRSA isolates. It is comparable to studies performed in Southwest Ethiopia [32] and Nairobi, Kenya [29] . However, it is higher than the research report from Amhara, Ethiopia [24] Turkey [9] , India [33] [34] [35] , Nepal [28] , Jordan [20] , and Pakistan [36] . Furthermore, different studies in Africa too have depicted variations in the prevalence rates of MRSA in different countries [10, 22, 30, 31, 37] . is might be due to the variation in the population studied and the practice of antibiotics usage, sample size, sample type, and infection control practices.
Since the treatment of wound infection is on an empirical basis with first-line broad-spectrum antibiotics and the increase of drug resistance among pathogens causing wound infection especially S. aureus exists, continuously updated data on antimicrobial susceptibility patterns would be beneficial for the trend of empirical therapy. In this study, susceptibility of isolates was done on nine selected antibiotics by the disk diffusion technique which showed that MRSA tends to be resistant to a wider range of antibiotics.
In this study, MRSA isolates were showing higher resistance to tetracycline (72.3%), cotrimoxazole (43.1%), and erythromycin (29.2%). is was consistent with reports in Ethiopia [27] and elsewhere [7, 10] . e same isolate was highly sensitive to amikacin (100%), vancomycin (100%), clindamycin (96.9%), and gentamycin (94%) which is also in agreement with the research done in Tanzania [31] that reported 100% sensitivity to vancomycin and clindamycin, respectively. Remarkable susceptibility to vancomycin, amikacin, and gentamicin may be due to lesser use of these antibiotics as a result of their less availability and low cost.
In this study, vancomycin was 100% effective against both methicillin-resistant and -sensitive S. aureus. is was not in parallel with studies conducted in Addis Ababa, is is comparable with a study conducted in Mwanza, Tanzania (28.8%) [31] . But, it is higher than that of a study conducted in Nigeria (11.2%) [10] and Bangalore, India (9.15%) [14] , however lower than a study conducted in India showing the prevalence of 47.12% and 41.3%, respectively [33, 35] . e overall prevalence of inducible clindamycin resistance among MRSA isolates were 16 (24.6%), whereas among MSSA, only 3 (21.4%) isolates showed inducible clindamycin resistance. is is supported by other studies performed in Andhra, South India (23, 28.04%) [34] . On the other hand, there was a higher prevalence of 61% [31] , 87.8% [33] , and 54.5% [35] of MRSA exhibiting inducible clindamycin resistance in Tanzania and India, respectively.
In this study, the remaining MRSA isolates showed another phenotype like no resistance phenotype (46, 70.8%), cMLS B (2, 3.08%), and MS (D-negative) (1, 1.54%). Constitutive phenotype prevalence was in agreement with the study conducted by Mshana et al. in Tanzania [31] and higher than that of the report by Parasa et al. [34] and Vivek et al. [33] performed in India. In general, it may be risky to use clindamycin when erythromycin testing shows resistance or intermediate even though the bacteria are sensitive to clindamycin. For this reason, routine D-testing might help clinicians to retain confidence in using clindamycin when erythromycin resistance is observed [13] .
In this study, the prevalence of MDR rate of S. aureus isolates was 27.8%. is prevalence was slightly lower than that of the study from Ethiopia reporting 34% [38] and 32.1% in Ghana [26] and more lower than that of the report from Jimma, Ethiopia (86.3%) [32] . e possible reasons for the prevalence differences may be attributed due to type of study population and study period and MDR definition disparity may also be probable reason.
Conclusion
e prevalence of MRSA in Arba Minch Hospital was found to be high. It is an alarming result which needs a due attention and intervention to control the spread of drugresistant organisms. Amikacin and vancomycin were 100% effective drugs against both MRSA and MSSA isolates. However, high level of resistance was observed to tetracycline and cotrimoxazole among MRSA isolates.
e incidence of inducible clindamycin resistance was also found to be too high. is may limit the therapeutic options and may lead to treatment failure. In this case, it may be very important to evaluate the susceptibility pattern of MRSA periodically.
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